Aim-To describe the inflammatory reaction that can occur following proton beam irradiation of uveal melanomas based on a large series of patients and to try to determine the risk factors for this reaction. Ocular inflammation usually consisted of mild anterior uveitis, resolving rapidly after topical steroids and cycloplegics. The incidence of inflammation after proton beam irradiation of melanomas seems higher than previously reported and is related to larger lesions. Evidence of inflammation associated with uveal melanoma has been described and seems to be associated with tumour necrosis (spontaneous or after irradiation). The appearance of transient inflammation during the follow up of these patients may be related to the release of inflammatory cytokines during tumour necrosis. Conclusion-Inflammation following proton beam irradiation is not unusual. It is correlated with larger initial tumours and may be related to tumour necrosis. (Br J Ophthalmol 2001;85:1305-1308 Radiation therapy is now a recognised conservative treatment option for uveal melanoma. The various modalities of radiation therapy include brachytherapy with scleral plaques and charged particle radiotherapy (protons or helium ions).
Radiation therapy is now a recognised conservative treatment option for uveal melanoma. The various modalities of radiation therapy include brachytherapy with scleral plaques and charged particle radiotherapy (protons or helium ions). [1] [2] [3] [4] Non-radioactive treatment modalities can also be used in some cases and include local resections 5 and, more recently, thermotherapy for smaller lesions. [6] [7] [8] All these techniques provide good local tumour control, but may be associated with ocular complications. Several side eVects have been described after charged particle irradiation for uveal melanoma, including eyelid damage, sicca syndrome, keratitis, cataract, optic neuropathy, radiation retinopathy, neovascular glaucoma, and phthisis. [9] [10] [11] Some of them can lead to secondary enucleation even in the absence of local recurrence.
Another, rarely reported, side eVect is the appearance of an inflammatory reaction of the treated eye, usually consisting of anterior uveitis. Only limited data are available on this complication with few data from large patient series.
We decided to study the development of this side eVect during the follow up of patients treated in our institution with proton beam therapy for uveal melanoma. We tried to isolate the general and tumour related risk factors at the time of diagnosis, and to describe the course of this inflammation.
Materials and methods
This series includes patients treated for uveal melanoma in our institution with proton beam radiotherapy since 1991 with a minimum follow up of 5 years.
The database recorded the general and tumour related characteristics at baseline, and data from the proton beam therapy computerised program.
All patients received proton beam irradiation after surgical insertion of tantalum clips to mark the tumour margins. The irradiation protocol consisted of 60 Gy equivalent cobalt administered in four fractions including the tumour and 2.5 mm safety margins.
Patients were reviewed in our institution 1 month after irradiation and then every 6 months for 3 years, then yearly. An examination by the referring ophthalmologist was performed every 3 months. A complete functional assessment was performed annually in our clinic. The parameters recorded during this examination included visual acuity, presence of lid damage, keratitis, presence of cataract, glaucoma, optic neuropathy, or radiation retinopathy. The patient was also specifically examined for signs of ocular inflammation (active or sequelae). Active inflammation was defined by the presence of anterior or posterior uveitis (presence of cells and flare in the anterior chamber and/or vitreous). Sequelae of inflammation were defined as the presence of pigmented keratic precipitates and/or posterior synechiae.
We searched the database of treated patients to identify those presenting intraocular inflammation (active or sequelae) on at least one follow up examination and tried to identify any risk factors: general and tumour related characteristics (tumour diameter, height, volume, site) as well as irradiation parameters and the doses received by the various ocular structures. We used Kaplan-Meier estimates to study the incidence of ocular inflammation at each follow up assessment.
The eVect of each individual clinical variable on the incidence of ocular inflammation was then analysed by univariate analysis and variables presenting a statistically significant correlation were then submitted to multivariate analysis with the Cox model.
The patients' clinical charts were reviewed to retrospectively analyse the clinical features of active ocular inflammation.
Results
For the study period (September 1991 to December 1994), 480 eyes of 480 patients were treated by proton beam therapy (median follow up 62 months). The tumour was situated posterior to the equator in 46.5% of cases, touched the equator in 45.8% of cases, and was anterior to the equator in 7.5% of cases. Data were not available for one patient.
Retinal detachment was present in 26.2% of cases. The ciliary body was involved in 4.8% of tumours.
The mean tumour diameter was 12.6 mm with a median of 12 mm (range 3-24 mm). The mean tumour height, measured by ultrasound, was 6 mm (median 5.2 mm; range 1.2-14 mm).The mean tumour volume was 0.64 cm 3 (median 0.4 cm 3 ; range 0.10-3.67 cm 3 ). Local control of the tumour was achieved in 96% of cases during the follow up period. Secondary enucleation was required for 12% of treated eyes. Metastatic disease was observed in 24.2% of patients.
We examined cases of inflammation recorded at each follow up visit comprising functional assessment. Functional assessment data were available for 435 patients of the study population. Twenty four patients died, 14 were enucleated, and seven were lost to follow up. The incidence of inflammation during follow up is shown on the Kaplan-Meier curve (Fig  1) . Thirteen per cent of treated eyes presented an episode of inflammation at 2 years and 28% at 5 years.
Univariate analysis was then performed to identify risk factors for the development of inflammation. General risk factors (age at diagnosis, sex, and side) were not significantly correlated with the development of inflammation. Tumour characteristics were all highly significant (Table 1) . Tumours situated anteriorly to the equator or involving the equator presented a higher risk than posterior tumours. The volume of the eye receiving a dose of at least 20 Gy and irradiation of a high percentage of the ciliary body were also highly significant. Irradiation therapy data and the doses of irradiation delivered to ocular structures were also highly significant ( Table 2) .
The major risk factors identified by Cox multivariate analysis were essentially the initial tumour height and the volume of the eye irradiated.
Seven per cent of eyes developed neovascular glaucoma associated with the inflammatory reaction of the anterior segment, but none of the patients with inflammation alone required secondary enucleation. During the same period 43 (9.9%) patients presented with neovascular glaucoma.
CLINICAL FEATURES OF OCULAR INFLAMMATION
We then retrospectively analysed the charts of the 16 patients seen in our institution with active inflammation. All patients presented mild anterior uveitis with flare ++ and cells ++. Posterior synechiae were present in all cases. Intraocular pressure was raised in four patients. A mild anterior vitreous inflammatory reaction (cells + or ++) was observed in three patients. One half of these patients were asymptomatic (no ocular complaints) and ocular inflammation was only discovered at the routine follow up examination. Treatment modalities included topical dexamethasone and a cycloplegic for all patients. Some patients required treatment for raised intraocular pressure. A good response of the anterior chamber inflammatory reaction to treatment was observed within a few days for all cases, often leaving posterior synechiae.
Discussion
Ocular inflammation was present in 28% of treated eyes. The incidence curve shows a certain lag between treatment and the onset of inflammatory signs. Inflammation can occur up to 5 years after proton beam therapy. This result diVers from other published results on charged particle irradiation and their side eVects, in which inflammation is only rarely described, if at all. 2 4 Our results appear to indicate that this side eVect is not an uncommon feature during follow up of these patients. It is noteworthy that, in our cohort, inflammation was often not diagnosed during the active phase, but only at the stage of sequelae. This could be due to the fact that the patient generally experiences very little discomfort and rarely reports any complaints during the active phase. The clinical features consist of mild anterior uveitis that responds well to local treatment. All these characteristics suggest that intraocular inflammation is rarely a major problem in the follow up of melanoma patients, especially compared with the metastatic potential of the disease or with more serious ocular complications, such as neovascular glaucoma.
Risk factors are tumour dependent, as described for other complications associated with charged particle irradiation-cataract and neovascular glaucoma. 9 11 The development of intraocular inflammation is correlated with larger lesions and irradiation of a larger volume of the eye. Ocular inflammation and choroidal melanoma constitute a not uncommon association.
Evidence of subclinical inflammation and an increase of flare in the anterior chamber of untreated eyes with choroidal melanoma has been demonstrated by laser photometry measurements. 12 13 The presence of flare is correlated with the size of the tumour and is higher in larger lesions. 13 Clinical inflammation with anterior uveitis may be a rare presenting sign of untreated melanoma and is mainly associated with necrotic tumour.
14 It can rarely be the only symptom in eyes with a small tumour that is diYcult to evaluate, involving the ciliary body, for example.
Reports of inflammatory reactions following proton beam irradiation are scarce. 16 17 They describe an inflammatory reaction essentially involving the anterior chamber and anterior vitreous, as observed in our patients. Intraocular pressure can also be elevated. 18 In one case, vitreous opacities and cystoid macular oedema were also associated. 17 Large published series of patients treated by proton beam or helium ions have not reported any major inflammatory reactions. 2-4 19 20 One study 19 described the presence of cystoid macular oedema in the absence of radiation maculopathy, which was tentatively explained by the presence of an inflammatory reaction. The pathophysiology of the process is unclear and may involve a number of diVerent mechanisms.
A direct radiotherapy induced lesion of the ciliary body could account for the development of inflammation, but this factor was not identified by multivariate analysis. Direct tumour involvement of the ciliary body also does not appear to be necessary as the ciliary body was not invaded by the tumour in the majority of our patients. Inflammation appears to be related to irradiation of a large percentage of the eye. This correlation with irradiation has also been described for the development of cataract and neovascular glaucoma. 9 11 Inflammatory reactions have been rarely reported after treatment, and they are rarely correlated with histology, as they exceptionally lead to enucleation in the absence of another complication. In enucleated eyes, evidence of inflammation is usually described close to the tumour and an exceptional case of sympathetic ophthalmia has been described. 18 The histology of three previously treated eyes showed a marked inflammatory reaction mainly composed of lymphocytes in the pars plana and choroid at the tumour site, but also in tumour free areas in one case. 16 A comparison between treated and nontreated melanomas 21 showed histological signs of inflammation associated with tumour necrosis as well as vessel damage in the treated eyes.
Tumour irradiation leads to necrosis and histological inflammatory reactions have been described in association with tumour necrosis. Spontaneous necrosis of a melanoma is often associated with an intense inflammatory reaction and anterior uveitis.
14 It is possible that the inflammatory reaction present in all necrotic lesions may sometimes become clinically apparent, accounting for the appearance of ocular signs in patients with the largest lesions. Another argument suggesting that tumour necrosis is responsible for the appearance of intraocular inflammation is the lag time of 12 months after treatment. The regression patterns of melanomas after proton beam 22 show that regression occurs after the first months (median 12 months). This response appears to be parallel with the appearance of inflammation seen in our patient cohort. Breakdown of the aqueous barrier induced by vessel damage, as observed in anterior segment ischaemia, is another possible explanation.
Ocular inflammation is frequent after proton beam treatment of choroidal melanoma. It usually has a favourable clinical course and this characteristic could possibly account for the limited description of this reaction in larger
